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substrate (100), is crystallized by heat-treating to form a 
crystallized silicon film (102). Another amorphous silicon film (103) 
is formed on the film (102), by etching the film (102). The film (103) 
is crystallized by irradiation of laser light to form another 
crystallized silicon film (104). 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
semiconductor device with the thin film formed on the substrate. 
USE - For forming crystallized silicon films used as barrier layer 
of TFT in electronic machine. 

ADVANTAGE - Reduces interface state of gate insulating film and 
barrier layer thus achieving excellent surface flatness. Improves 
process margin, as energy density of laser light used for 
crystallization is low. Improves film quality of first crystallized 
silicon film by crystallizing second amorphous film using irradiation 
of laser light. Offers reliable semiconductor device with outstanding 
capability. 

DESCRIPTION OF DRAWING(S) - The figure shows semiconductor thin 
film formation method. (100) Insulated substrate; (101,103) Amorphous 
silicon films; (102,104) Crystallized silicon films. 
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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a crystalline silicon film having 

excellent crystallinity and a surface with less ridges, by forming a first 

crystalline silicon film, then forming an amorphous silicon film thereon, 

and crystallizing the amorphous silicon film by irradiation with laser 

beams or the like to form a second crystalline silicon film. 

SOLUTION: First, a first amorphous silicon film 101 is crystallized to form 

a first crystalline silicon film 102. In this case, crystallization by 

heating processing is preferred. On the first crystalline silicon film 102 

thus obtained, a second amorphous silicon film 103 is formed and irradiated 

with laser beams to form a second crystalline silicon film 104. It is 

preferred to etch the surface of the first crystalline silicon film 102 to 

form an excellent surface before forming the second amorphous silicon film 

103 Alternatively, it is preferred to form the second amorphous silicon 

film 103 where an excellent surface immediately after crystallization 

processing of the first amorphous silicon film 101 is maintained. Thus, 

good flatness is provided. 
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fi»S3RR2 0 3*^7X'7CVDffi«CJ:ot. 30- 
lOOnm, Wxft 3 0 nmiCjaML/-c 0 C02 
(D) ] C^f2^ B B a flfl2 0 3Jt JUKD^A 

[0064] *<D&* U— !f-ra»CC cfeSJttJMtJffiffi* 

K r Fx^WU-^^X e C i x ^ :> v b - If - £: 

1 30-3 00mJ/cm J , L < ii, 18 0 
-2 3 0mJ/cm I , *5aS«l"C«:K r F C&62 4 
8na r?Jl/*tt2 0 n s e c ) CDx^£>^ u — if feffl 

2 3 0m J /cm 1 "CBM* Or*Sfi{tL"Cl^. 
[0 065] tf-36©«8*KDBRCC, f£M (« 

«) *fc»«jH**ffi : &4 o ox--*/^ 

sc»«4 o o 'c-^a^iainioSB^tsgtcMt^ 30 

Xg£flnx.-C4> C<DWSUX* ttJ*3 4*»af DB5l» 
[0 06 6] «±<OXSCC <fc ^ II ©*SAttIi*IULb 

ec; yt/<o^ttt>jR*as«: : HT^fi»tt*2<c>ttatta 

^1204^l6C«t^ CB2 (E) ] 
[0067] ccr. All <Dil«A1£g%K2 0 2 5C», 
ttAfk* c & 5 [BccaMra c /c - v >r fotttWto £ l r 

IfSLt^W. ^2^B S o'l4^]S2 0 4CCli^«5 40 

<fc^i{£aW*ll}&sf#6nS. ffS2<Z>*SAtt£*BI<D 
ma*f$&i*. T»"C*4W2<D*S H B i14^*ffl!<0*ffi** 
AfiSfiflDttiL/rc^. cc^ii, * 1 OteAte&KBI 
3&s«flEft-C*4. JB2CDISAttS«Blt4Wl©ttAtta 
3R|«C!>affi3&»6©IB»*«W-CC^*^ «A<tjfrffi#8 
^c5/cfif)& B JilJ«^otl^ B -ISic, SBl©*SAt4 
JifgHl2 0 2«, Ji^EBtCfeC^i^OsS^C^^ftl* 
«CC^ L . ft»tRO^A{ittA«^a^W«caft 
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tt % SI 14 (B) CCm-TJ:^*: <ISAttllt#%«P«W-C 

*<s> »A«ia<bia(tt<oiirA«a*wr*. 

[0 06 8 ] C3Bi«3] *38»ffiec*JC»-Ctt. USSW 

ft& *#S£ £#&S^7-l30652-^£:$g<9i£ 
JfeW2{cl2igL/cS^rtS (WHW8-78329 -*fl:««C# 

lio ) *ffltr^ an»fflaic<co»fc»i(o*SAttssR 

■LbCCSI 2 <DfSA1£3fl««W&X8£IS 3 *«t>r^ 
T. 

[0 06 9 ] S&3 0 0±CCTttBMtK (0?nL> 

fcCO ilt. »ti*i*TEOS*^7X"7CVD 
jiiCJrot. *8l-»)BfC5 0 0ninK:»StL.fc. * 
It, » 1 (D^AKSsRBI 3 0 1 ^LPCVDaWo 
r3 0nmOlIWllfCo CS3 (A) 3 

[0 070] ^ m 1 <D#AJtgJR«3 0 1 <D«Att 

T^v^^SSI3 0 6 4M-r^ -ei/t. BIO* 
AKS3RR3 0 1 ottAft*«J«rSftB«7BRi l^x 

Ml. NitfI3 0 5 4M«, CB3 (B) ] 
[0 07 1] ttto, ^7cSibr^x.y-7-;U^CC 
fc v zn/^t, h (Co) , ft(Fe) . 'UZs*?b> (P 
d) , a^(Pt) , B(Cu),4(Au) t yjl/^ 
x^7A (Ge) , IS (Pb) , ^>^A (In)** 

[0 07 2] *fc. ±9e«W^*<D«BaiX8ttX tr>n- 
[0 07 3] »C-5C, ««7n*<oasaixa^»T 1/^:6, 

450 -c, \&?mm&<D7km&^<n'&. ^rsi*»h*, * 

«»HSl*/c5*WR»Ha*fcfc^r soo-700 'C <K 

*fl5j{C« 550^650 "O CD^aSr 4-24B$raOflD^Il 

^UDx.rm 1 <0#HHIffiRJII3 0 1 ©ISAffc'HTS. * 
j8SS«"C5iffiR»H»"C570 *C, 1 4 B^BKOamfcKlIft 
ff^. C^3 (C) 3 
[0 074] C<Dm. m 1 ©#AS«iSft«3 0 1 (DtSA 

Ttwcciiff u . SS3 0 0 (7>*«ffi6cator sjiWTK 

fiSdSLfci|*A«*3 0 2«en5, **W#6«C 
<0ISA««3 0 2*«sW«Wi^"CC^. MAAfll 
«3 0 2«ltR^otett«rffl^<0ttA^**0ri* 

a/ca*. ^»wa*Att«:«ti4i:t^*J^**. ^ 
AKS*«*w*»*stt*fbr^or«a<, ^e^t5 
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[0075] &£>Jt<DtcSb<Dmm!im&fe7&. & 1 © 
hTI&£TSXS*J0;L5C£#&?£LA\, 

fc. C03 (D) D 

coo7 6] -eur. *iatt&ti&&u. * 

iW)BWUB*llfc*S fttcm 1 ©ISfiffli*»<c3l 2 ©# 

JWS£«3 0 3*79XvCVDffiK:J:o-C. 2 0- 
lOOnm, ftSttica. 2 0~6 0nm. *^J6^-C 
tt. 2 5nm«C)SJSbfc. CS3 <E> 1 C©W2©# 
aftt£RMtt. J&lC^MKSaSBiB— ©fl**frK 

[0 07 7] *©&. U-if-feaftjUa**JC*o 
te< U-if_*li. K^JguaT©****"*"*'"™'* 

+ ->vl/-1f-^X e C 1 i^i/vU-!f-4Ml^C 
isMffSlA*. *«ttWr»» XeCU+i'TU-lf 
-<ifeg3 0 8 nm) ft»«-r4 4><0*ffl«-»*. «BW 
ffifC teW *tttt U -+f - 1: - A ©i* 1 
00~500mJ/cm' . JffS£0<tt. 130-30 
OmJ/ci' , ^HJfiWTti 1 80mJ/cm' t'l 

[0 07 8] ifcU- tf-ifc©fl8*f©B8«C. (S 
ft) *fctt&)SSfffi&4 0 O'C~^XS«0E* & 
St,s«4 0 0*C-*SI!SSRJS©ilS&ftSJS {c ^ TS 

[0079] fil±OISKJ: 0 • 3 0 2 JbK 

I3 044»4CWCtfc. CI23 (F) ] 
[0 08 0] CCt. HSS012 iitSUT. 91 1 ©MM 
tt£*K («««B«3 0 2 ) Ktt*W*£ O-C^O 

2©*sai4S*«3 0 4©*s*s8ftw. rifc»*a* 

J«©«aiI-Cil*»{tb-CI,»4^f <HW»KIM3 02)4 

ssaiss©^ ti/ti,^. 91 2 ©tsa&nxji 3 0 4 » 

»fi&fi««3 0 2©aS®a i €>©JB**5WTl.»-5*s. *S 

8taSfi«P#3o 2+©*sa«. *6 H t &fs^-©*iia s «t*ft 

H14 (B) {C7FT«t^&Ma*»S<!:3fi<K©*SS 
[008 1 ] C**W4:i 3t^EJ6WC». ±f£«6^3 

k*»«.»-c. w 1 ©*aessR«*f#fc*. -v^7c« 



3) mmW- 1 1 -2 0443 5 

14 

!U&cai3feiS©[a3 (D) <t*H£;i,ria4 (a) 

m©isai4a*Bi*»*xa*"c«. 

[008 2] 8SfiSSf!f«3 0 2 *f*te«. 'J >*fBI.»fc 
5riJ>^a C5 00-7 0 0*C©ttH!&*affi] (1# 
»H¥9 - 6 5 4 0 6#) -CteS^t6CfiJfflL//cfl««jcS{* 

10 [008 3] i ;>SMf'-^ 1 ia. Sttli^Si^ 

KW©«tt8c 'J >*35ftn-r s. 4 o i a u > ^sns n 
fcuwrc**. vxDmmx&tL-cte* *r. S4 

( B ) ©J: ^ SC. rga@i^^^ilS ; &S ; 5 1'yxb4 0 

•rs.. c@4 (o ] 

[0084] <€■©&. 400-1050'C 1 < » 600~ 

750 'O OOSg-C. lnrin — 20hr <WSW«:tt3Qirin — 

3nr) ©jra^ffi^tT^o CS4 (d) ) cvmmtmM 

20 &c<fc 0 'J >*jBtoUfc«Wfc*MK7HIW 1 *' * f 'J 

ft£©-e, jgffiBcp©fl«dl5c3R©?aSa 5X io" atoms/ 
on 1 aTK*rflS«Sii*. Cft6©7C»©aH£tt. S 
IMS ( 2 # ■Ctt-M3n4*/hfBiO 

[0085] c^L-ryvfyv^xs***^?*. 'J 
>«r^ttibrc^«^©saiS4 o zzmmL-cmstei. 

t£Z>m 1 ©ifg H a B 14^S©^M^4 0 6 ftJKfiET 4. 
CH4 (E) D 

[0086] *©a». «»«3 ©xa«c«ei». ^2© 

30 |»«aiW4 0 3tiBSl/ C^4 (F) ] . C©^2 
©^ a B a K^M©«Sa{t?: u - tf -JHWK. J: 0 tT 9 C 4 

*1-'5ail2©tt»tta3RB4 0 4JW»6n«. CS4 
<G) ) ccr»€.*i*SK2©*S»SSaS«tt' . 

(fi2sy3 <bit^u"c. » 1 ji ©isaea* wc tasw* 
■©liatt^xwc »^*6«wi^* n-c*5 6 r . -< 

^#tt©cfct,^S*IS^#6tl^. ^2©feStt 

^M©^a/ss«*. t*-c* i ©featt^**© 

40 Sffii3i4 0 6 ©^ffi-CSa-ftl/TI.^SiSf^^afiES© 

[0087] tic. z.?*Ant%*y?*V'-'#TZ1b, 
<0*«iO-C-'Ma*'>7C**$tr»HSl t f-C C7 0 0'C 
- 1 0 0 0 = C©3 SO^fti®* (^M^P8 - 3 0 1 2 4 9 

[0088] C«fc«5D 3«jMH«5SS. ±12^56^1 
~3rf#6n-5Sfl 1 ©S H B a |±^)BI*fc5ifiiB2S^(C 

/s^-^.>^=&tf^. «a^i*?)»i©tta<±s*tt 
©»«ai*jBst-rs»^©«^**. ^i©^it«is 
so xmtm2 ©*a«3^R*©«Em« i ©na«c^ * — 
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>^x*I£ttix- & c t ii, » 1 o*SftttS*«*Bao^ 
!6!ft^iiWTSC<fcK:o«c5&s4fc«>»*U< tto^, x 

teJKfe**rr*5&2 <0ttft1B13ISil*»* C tfrVi* 
[0 08 9] *38«W6«. ±MzL&£M$$ 

[0 09 0] Cl©£#! 7 3 ^nSBfflr «±E»*i6»(CC 
«c) 2 ©S^SilMi^tll h 7 > y X ^ 

[0 09 1] *r. ±iB*IBKWlK:tet^»5nfc»l 

Ji3gK£l3 5 (A) 5C7SrJ:^CC^3i-x>^*m^ 
j£ ! o^z|ftl 10 6. W2 ©11X^1 1 0 5 

[0 09 2] ^CH5 (B) CCiSrJ:'5tC^-H61»lB 

^i«7 7X7c v d 3fa*fflir*rswr 

5, ^IlifcWCfc*:, *<omm& 1 5 0 nrniT^, 
[0 09 3 ] IfcBKtXHfctTo'r. Itfb&Xfl 

*»SXg*fll2.TfeJ:^. 

[0 094] T;U3^^A^rciiTJU^^^A 
i/Lty- FlM^l 0 8 • EB«fl5flE0fc. CIS 40 

5 (o d y-naa«, ^"j=i>*>. 

TftKJ:^. *IBSSWfCtoC^rii. W»4 0 OnmiT 

[00953 yc«c, «kpf7 -13531 8-*fi«a« 
<d«»kcj: o^?u±oHwaMbfli 1 0 9-a^*att©» 
sbmuri 1 0 ^bbs.-?** cms <d> d fit. c 

tieoBaWkflteJryy- 1 l^^x^iL so 
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1 1 2«BflETS. *Ofa, £?Ltt<D«ffiBMfcBI 1 0 9 
4. CH6 (A) ] 

[0096] -i2;u7T5-r>wcc, -f*>F- 
t* > ^a^o^acc j: o n a a 5* p a©w»*^ v 

3> • T-f FCcS»AU 2»<D***;1>3BS&««1 
16a. 116b. 2 »(D(6i*ff ^FWIftWl* 115a, 
115b. *br2JBOV-xa«|l 13a, 113 
b, 2M<D FU -<>«I«1 14 a, 114b 
fe 0 (IS 6 (B) ) 

[ 0 0 9 7 ] * Lt . ^0CD#S-C. ]imiK«MS 1 1 7 
£i£SL?to ^ffiWCfcOTW:, ®J19 OOnmif 

^.^A^^MO-cv-xiil 1 8MKU^ 
>«« 1 1 9 *»fc. *««C*3R»H»+-C 3 5 CTC 1 

C9iraBh7>^^ (TFT) CBS 
6 (C) D 

[009 8] 3 cn6<0±5C, RHBI(^v>^ 

3 i b"C, 1 0-50n mO^fbS^ 

[009 9] C^SfiW8 ] ^teWCi**S6W7 £3!^ 
[0100] 2 »«»*WT**§ftl4^*tt«i« 1 

[0101] CMOSi»BNft*^TFT4Pf 
MOSHB*«flW"Sffl^©TFT©aifiE*JJ:y : fHR^ 
Ttt -f ^-ls]|8^*fllSET5T F TCC3 6iCX^€: 

»nx.5^«***s. H7tc4si»r7 0 Ki^b^^r 

[0102] ail^3R«7 0 1 _WC»**>«7 02^ 
^^>«7 02iKU>r>«i7 0 3 i<OHI 

rMtts«^*fiSsns. corn, mmmxttmnmv 
r, H7 0D«tt«W4C/-cfcnBa**«ct j . 

[0103] WC. 7 0 46«T«tt*JIW-tr^4»™* 
<DHPBl*ftl»IBI7 0 4&mm*2 amlg41l< br+7> 
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r . «nfc^*tt*i*^iii*«s 705 ^r^^-r 4 c <t 

[01041 I^S7 0 SttTJl/S-SAStefctT^ 

[0105] ffl^m@7 0 53>±{CttK|fiJJBt7 0 6 £ff£ 
/&T4„ EISIJBI7 0 6«^t'>^iCj:orieiSi^^/c 

[0106] — *f[fiJMS»lW:* aHH4»«7 0 7± 

ccaw*»*7 o 8 . Efa®7 o 9*MirMcn 

y < jiZ-zm-f&Ctii-CZ 4« 

[0107]*Ur. ^-JM#BJBi*fT 
^>fc«. «BJ»7 1 0*i*AUTB7CC^T«tt«fi© 
g*f^^^J^^t^ a «fi)B 7 1 0 ««a<D«J 
fl^e-F (ECB^-F, ^h^h^t-F?) 
r>r @*tcilS-r^ c £#-e# 4 S 20 

[0108] B7tc*L;fc«&s§M«*^*rt' 

Bg{tor^rr„ as icfcc^-c. 8 o i \-$mmw\ 1 ©n 

CcSe-^r JfcKftJBI^R^A:^ l ) =i 8 0 2 ttHX 

■^h 1/^*085. 8 0 3«V-XF7^-§B. 8 0 
4 5i^-Y F- h*7-/^-38» 8 0 SteD^ * ^HfHTC* 
4. 

[0109] n>»? ^{e!&S8 0 55*E»WCC«TFTr 

^3*i4f&S[El3S:£-c€:SO#s. ccr^t^^6iU 

[0 110] i/c C^L"C3&J5!tSnfcjttJi^^^fiC« 
^ptf^ST- tl/tFPC (Flexible Print Circuit) SB 1 

©tt F P C *1SI 0 # W fctKJB© «ft^" * -c * 4 . 
[0111] C385SW9;) ^ffiflflrteflSSflll 1 M6 

f^stT 4 xnw ct o c > r t&Hj-r 4 . 40 

[0112] fcfcU S*^«it«II^W7^7Sb/-c 
W«cKWT4. 

[0113] H9iC7R-raiiSiS*-'^*^<0»*. ^ 

[0114] Z<Dtc&>. *SI*SWT«TFTSO_Bc F 

0 2^»tt5aiCfl5fiSL-C4d*. -e<D±r 50 
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v z^m? 9 0 1 i©Pa«cM«rg«*»J5SW£. c 
j£t»B8l*i&»^-ru»iBft««*TFT(D±K: 
JBfiS-T 4 C i r BUP**J£ < T 4 C t tmtifrC $> 4. 
[0 1 15] ^/c 9 0 3(2IBX«ffi£tt4jS^9«BI 
r^>4o »9i*WR9 0 3 £ L-Cte I TO#*t>^fflS 

[0 116] CIQBWl 0 -y-f I- «ii 

y- hTFT'/CafflL/fcti-&©WC*4, **S6W<D'< 

*;t/W, *ifi«irsiBJOfc2JBOttfttta*l**fflt» 
TFTi«52iaar*4©-C. tiaso)^«:*Buri» 

[O 1 1 7 ] 19 1 OCC&^r, 1 liJNft^^TF 
T©y-{ hmS, 12iiP^t*^fiTFT©y-fh* 
ffi. 1 3l*vB3kTFT<D<!fJ hlSt^^ a ~<2r-f bW& 
1 1-1 3 5iU>*^«5B«*i«tt3L/fcNS#y^y3 

';^v=3>*m^4 0 

C01 18] *te. CMOS|sl8rC5*N*i>*;U®TF 

TSCP^tf 3>y^ b ^FS^tc^ATJ^-f rS 
CMOS@H*ateSOrfeSl*, 17 Si, 2Jft?IS<D;j£ 

fii4£*«cc n (^t 4^««j^as»o o tifc v - * 

<Dl^-C^>4o 1 9»2Jl«3a^ttB^tt^*«<0 

[0119] CCDaccyV h*SiLta*BI4»»S 

<OSl£**JfflLr*'J-S--/.F«iS <#U1f^ Ffliafe* 
t?) *i4C<b)&sr#4. 

[0120] ^(Dtctbiat. ?<< Mil 1 — 1 3«:Jf5 
m^tcm^-i F 1 ?*-^ 1 4- 1 6^M0t, 
>, ^>^^r->^<D#H^ (HTn-tf-T) ^^^^ *D 

jiSjaa«:?f-or^ja>'U^^ F^^-r4 0 bi occfc 
c<d*j«^u-9--/ F«, y-^a«i7. FU-f 

[0121] coa^cit-r F-)*-;^*ffl^rB5fi 
£ttcc£*2/uu-* K*»RSt*ia**'Jt^ F«a 

40-CW?J!JT^4 0 

[0 12 2] (^iWlll»l-4T^ 
y- h^OT F Tfcffi©— W*^l/fc#. 

ffiOTFTfllfiSiL-C, ^FAy-FSTFTWI 
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c©»fc**4-i-*£*2©*Ateii*«*fc 

[01231 *f. #^*S«U 1 0 0 (Ztcte&Zt. 

*y-hs@ «»«r*. cc_c - 

yxg (y-h*ffil 1 0 lJ&fiS) ^frfc 

no. 

[0 12 4] y-h®Bl 10 1 (DBIJSi O-Ctt. 2 0 
0~5 0 0nmJW!?StAV. *«WfC». 300am 
JKOTa«*^«.»-C»fflOfc. C©y-h««l 10 1 
i 4>* < t h 6 0 0 •CgSOfflfiCCW^. "5 

iMt**V**m(*>*^ *>y*^>. 

[oi25] ixtc. mit&mm. S i OxNyTSSn 

^ 1 1 0 2 (JWJSi lO~200nm*!ifSl 2 

< ttUWfCtt. W^'VttSTEOSiW* 
jB^Lr^^X^CVD^iW^U-C 1 2 5 nmJWOM 
ibB^tS***^**) *Ji5fi£^fc. tia 1 1 (A) ) 

[0 126] C©Ii©8. *Bf«l~3 ilHHIK:. ^ 
1 ©^wi**>i**Ke«jirtMS»*b CH 1 1 

(B) k jd2©*asffii3iai©«aKaoeu— F-ttA 
{tCHi i (O l Jiri ©fgfttta*» i i o 

3S y.j 7 i/<D'>& t »» 2 0«i Att^RR 1 1 0 4 
5. 

[0 127] -ft/t. /<*-->y*:S60. ffim<D1&W. 30 
(Dt§ffiS (S3 1 Ol6flffiSRI«*€>a*SttJl 1 1 0 

4. (0 11(D)) 

[0128] *CC fi=F««rtK«*flF«r*fc«>«. * 
2cDttS14^^e^S*tt/ll loeta^t. K 
■ftii;RJ& (Sf * 0 < SK® l 0 0 ~3 0 0 n m. 
WCtt." W* I 5 0 nmitfc) *fiH«Lfca. ' s *- 

f>^?110 7a4*Sl/fc. (0 11(E)) 
[0129] ^JJW3*nffltt4*fttffl».^fi ; f : ***« 1 * 41 

p-oy-?^^ 1 1 0 7 a*fflt>~C. miMS 

s) fcfco-cm*. F-fvy-^^i 7 1 1 0 7 a cess: 
/^-->y*jsufcK-t>^^? i i 07 b&m 

tit:. ^2@lgCDF-f>y ; S:<2:S0©^ (0*3.53^:*- 

Igl 109a, 1109b. V-^a* 110 8a. 1 
10 8b, FU-f>*WU 110a. 1110 bSO'^ 
♦ Ilia. 1111 b*f«U. CHI 5 
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2 (A) ) 

[0130] *fc. fi^«^OTK«S*«!»«** 

^T4TFT*f^Si-rSi«'&tt. ^©infSJftS^ffi* 
Alb > r i^^fK^^iBfiJfPFiK****^ » O -C *> J: 

F-f>yv^?«:vXi'iU"C. ^F^U-C*> 

[0131] GBSWi (JfRMfcttSg 1 1 1 4) * 

BfjUU. y- h«ffi©Bt»)UbiESaffiiV-^ • FU 
^XDB^ffibiBiSISSl 112. Ill 3*^fiSL/ 
■C. (Nft^JH^^P' 1 *^"'®' Ji<FAy— h 

(B) ) 

[0132] (**W 1 2 ) 1 1 "Ctt. t"^^' 

- h TFT »jS©— W^tf 0 tc& , *^JSW'C«. 
ffe©TFT©#ESiU-C. ***JUx**HTFT©W 

[0 1 3 3 ] *Hj5SW, HI 1 (D) iCmSti^mM 
0U 1©X*I£-?|3J— <DXH 3 0 0 (S 

fc»53S«R> -hK**tt**-r ST»*tt. *©±«:* 

aiijsr^-sy- F*a i 3 o i . -ec±5cy- F*es 

(11 3 0 2, -e©-h^. HSA(fc*i£©»tt4 2 HOIS A 

( 1 3 0 3. 1 3 04) A*-i> 

[0 134] CC-C. 0BD±«C}±El7nSH<CC»*s. Sffi 

tfcy- hmrnm 1302 ©-si5*i ^ 9 u. y- 
hmsi 3 0 1 iiXKfl^TaawiwWMW**** 

[0135] :XIC. iWtttWt*iaW4«Oll" y-c 

Z-z-^tricJ: V) v-^^@l 3 0 5, FV-f>lSl 
3-0 BASSET*. **»WC«T i (5 0nm)_/Al 
(200~300nm) /T i (5 0nm)©rl«i 

tei 3 0 1 i«»«cc««-r*fc*<z>ffi»iPJ || *«:0 

[0136] ccr. y- F«B©Jt±<0««. »oV 

-xsii f n >^@i ttin« 1 30 8 (K 

[0 13 7]^5C V-XlS1 305fcJ:tfKUO 
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Ft ArKfiROUND OF THF. INVENTION 

1. Field of the Invention 
5 The present invention relates to a method of manufacturing a semiconductor thin 

f Urn formed on a substrate having an insulating surface and a semiconductor device using 
the semiconductor thin film as an active layer. Particularly, the present invention relates 
to a semiconductor thin film in which an amorphous semiconductor thin film containing 
silicon as its main ingredient is crystallized to obtain a thin film. 
10 Moreover, the present invention relates to the structure of a semiconductor circuit 

and an electro-optical device, which are constituted by a semiconductor device such as a 
thin film transistor, and to the structure of an electronic apparatus incorporating those. 

Incidentally, in the present specification, all of the thin film transistor, semiconductor 
circuit/electro-optical device, and electronic apparatus are contained in the category of 
15 "semiconductor device". That is, any device capable of functioning by using 
semiconductor properties is called a semiconductor device. Thus, the term "semiconductor 
device" included in the present invention includes not only a single element such as a thin 
filmtransistorbutalsoasemicondu^^ 

an electro-optical device, and an electronic apparatus incorporating those as parts. 

20 2. Description of the Related Art 

In recent years, attention has been paid to a technique for constituting a thin film 
transistor (TFT) by using a semiconductor thin film (its thickness is several tens to several 
hundreds nm) formed on a substrate having an insulating surface. Particularly, 
development of the thin film transistor as a switching element of an image display device 
25 (for example, a liquid crystal display device) has been hastened. 



1 



For example, in a liquid crystal display device, trials have been made to apply TFTs 
to any electric circuit, such as a pixel matrix circuit for controlling each of pixel regions 
arranged in matrix, a driving circuit for controlling the pixel matrix circuit, and a logic 
circuit (arithmetic circuit, memory circuit, clock generator, etc.) for processing data 

5 signals from the outside. 

In the present circumstances, although a TFT using a noncrystalline silicon film 
(amorphous silicon film ) as an active layer is put to practical use, a TFT using a 
crystalline silicon film (polysilicon film, etc.) is necessary for an electric circuit, such as 
a driving circuit or a logic circuit, required to have higher speed operation 

10 performance. 

Conventionally, a crystalline silicon film is obtained in such a manner that heat 
treatment, irradiation of laser light, or irradiation of intense light is carried out after an 
amorphous silicon film is formed on a substrate having an insulating surface or an under 
film having an insulating surface by a plasma CVD method or a low pressure CVD 
15 method. 

Among the above conventional methods of obtaining a crystalline silicon film, the 
quality of a film obtained by the method of irradiation of laser light is excellent as 
compared with other methods, and the method has a high throughput and has a merit that 
thermal damage is not caused to a substrate, so that the method is often used. 

20 However, according to the method of irradiation of laser light, if the thickness of an 

amorphous silicon film is 100 nm or less, many ridges (asperities) are formed on the 
surface of the obtained crystalline silicon film so that the film quality is degraded. That 
is, when a silicon film is irradiated with laser light, the silicon film is instantaneously 
melted and is locally expanded, and ridges (asperities) are formed on the surface of the 

25 obtained crystalline silicon film to relieve the inner stress generated by this expansion. The 
difference in the height of the ridge is about Vi to 1 time the thickness of the film. 

In an insulated gate semiconductor device, since a potential barrier or a trap level 
caused by a dangling bond, distortion of a lattice, or the like are formed in the ridge on the 
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surface of the crystalline silicon film, an interfacial level between an active layer and a 
gate insulating film is raised. Further, since the top portion of the ridge is steep, an electric 
field is apt to be concentrated, so that the ridge becomes a generating source of leak 
current, and finally, breakdown occurs and a short circuit is brought about. In addition, the 
5 ridge on the surface of the crystalline silicon film damages the covering properties of the 
gate insulating film deposited by a sputtering method or a CVD method, and causes poor 
insulation or the like to degrade the reliability. Thus, the ridge on the surface of the 
crystalline silicon film influences all the characteristics of a TFT and even a yield is 
changed. 

10 Moreover, the method of irradiation of laser light is apt to become unstable 

particularly under a condition to obtain excellent crystallinity, and if the energy density 
of laser light is increased to make sufficient crystallization, there is a tendency that ridges 
are increased and the surface of a film becomes rough. 

SUMMARY THR INVENTION 

15 An object of the present invention is to solve the above problems and to provide a 

semiconductor device which has high characteristics and uses a crystalline silicon film 
having high crystallinity and having a flat surface with few ridges (asperities), and a 
method of manufacturing the same. 

According to a first aspect of the present invention, a method of manufacturing a 
20 semiconductor device is characterized by comprising the steps of: forming a first 
amorphous silicon film on an insulating surface; obtaining a first crystalline silicon film 
by carrying out a heat treatment to crystallize the first amorphous silicon film; forming a 
second amorphous silicon film on the first crystalline silicon film; and obtaining a second 
crystalline silicon film by applying an energy to crystallize the second amorphous silicon 
25 film. 

According to a second aspect of the present invention, a method of manufacturing 
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a semiconductor device is characterized by comprising the steps of: forming a first 
amorphous silicon film on an insulating surface; obtaining a first crystalline silicon film 
by carrying out a heat treatment to crystallize the first amorphous silicon film; etching a 
surface of the first crystalline silicon film; forming a second amorphous silicon film on 
5 the first crystalline silicon film; and obtaining a second crystalline silicon film by applying 
an energy to crystallize the second amorphous silicon film. 

In the second aspect of the present invention, an etchant containing hydrofluoric acid 
is used as an etchant in the etching step. 

According to a third aspect of the present invention, a method of manufacturing a 
10 semiconductor device is characterized by comprising the steps of: forming a first 
amorphous silicon film on an insulating surface; introducing a metal element for 
facilitating crystallization of silicon into the first amorphous silicon film; obtaining a first 
crystalline silicon film by carrying out a heat treatment to crystallize the first amorphous 
silicon film; forming a second amorphous silicon film on the first crystalline silicon film; 
15 and obtaining a second crystalline silicon film by applying an energy to crystallize the 
second amorphous silicon film. 

In the third aspect of the present invention, it is characterized in that one kind of or 
plural kinds of elements selected from Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, and Au 
are used as a metal element for facilitating crystallization of silicon. 
20 Moreover, in the third aspect of the present invention, it is preferable to use nickel 

as the metal element for facilitating crystallization of silicon. 

Moreover, in each of the above aspects of the present invention, crystallization of 
the second amorphous silicon film is carried out by using the surface of the first crystalline 
silicon film as nuclei of crystal growth. 
25 Moreover, in each of the above aspects, it is characterized in that, as a method of 

applying the energy, a method of irradiation of laser light is used. Moreover, as a method 
of applying the energy, in addition to irradiation of laser light, it is preferable to use one 
kind of or plural kinds of methods selected from irradiation of intense light and heating 
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concurrently or sequentially. Moreover, in each of the above aspects, it is preferable that 
the irradiation energy density of the laser light is 100 to 300 mJ/cm 2 . 

According to a fourth aspect of the present invention, in a semiconductor device 
comprising an active layer made of a semiconductor thin film formed on an insulating 
5 substrate, a gate insulating film, and a gate electrode, it is characterized in that the active 
layer includes a laminated structure made of a first crystalline silicon film and a second 
crystalline silicon film stacked on the first crystalline silicon film; the first crystalline 
silicon film includes a crystal structure obtained by crystallization through heating; and 
the second crystalline silicon film has a crystal structure obtained by crystallization 

10 through irradiation of laser light. 

In the above fourth aspect of the present invention, it is characterized in that the 
crystal structure obtained by crystallization through heating includes thin rod-like crystals 

or flattened rod-like crystals. 

Moreover, in the fourth aspect of the present invention, it is characterized in that the 
15 crystal structure obtained by crystallization through heating is such that thin rod-like 
crystals or flattened rod-like crystals are grown with intervals and in parallel to or 
substantially in parallel to each other. 

In the present invention, although any well-known means may be used to crystallize 
the first amorphous silicon film to form the firs, crystalline silicon film, crystallization 
20 through heat treatment is preferable. The thus obtained first crystalline silicon film is used 
as an under film, the second amorphous silicon film is formed thereon, and the second 
crystalline silicon film is formed by irradiation of laser light, so that excellent flatness can 
be obtained. Moreover, at the irradiation of the laser light, an irradiated region may be 
heated at a temperature ranging from 450°C to the distortion point of the substrate to 
25 make a step of obtaining further excellent crystallinity. 

The present invention is characterized in that the second crystalline silicon film is 
obtained by irradiation of laser light while using the surface of the firs, crystalline silicon 
film as nuclei of crystal growth. Thus, the second crystalline silicon film is influenced by 
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the surface of the first crystalline silicon film. That is, if the surface of the first crystalline 
silicon film is excellent as nuclei, the second crystalline silicon film having excellent 
crystallinity and flatness can be obtained. Accordingly, it is preferable to form an excellent 
surface by etching the surface of the first crystalline silicon film when the second 
5 amorphous silicon film is formed. Alternatively, it is preferable to form the second 
amorphous silicon film while an excellent surface of the first amorphous silicon film 
immediately after crystallization is maintained. When the thus obtained two-layer 
crystalline silicon film is used for an active layer of a thin film transistor, a semiconductor 
device having superior characteristics can be obtained. 
LO As compared with a conventional crystalline silicon film in which an amorphous 

silicon film formed on an insulating film of Si0 2 or the like is crystallized by irradiation 
of laser light, in the present invention, it is possible to obtain an excellent crystalline 
silicon film having a flat surface with fewer ridges. 

Although the film qualities of the first amorphous silicon film and the second 
15 amorphous silicon film are almost the same, the first crystalline silicon film and the 
second crystalline silicon film are different from each other in crystal grain boundaries, 
that is, in the crystal structure, which is one of the features of the present invention. 

This can be confirmed by secoetching (as an etchant, a mixture solution of HF = 50 
cc, K 2 Cr 2 0 7 = 1.14 g, and H 2 0 = 25 cc). When this secoetching is carried out, it is possible 
20 to'obLve defects and crystal grain boundaries on the surface by SEM observation or the 



like. 



That is, the surface structure of the first crystalline silicon film crystallized by a heat 
treatment has an irregular crystal structure as shown in Fig. 14A in which an example is 
shown, and the respective crystals do not have regularity. Fig. 14A is a SEM observation 
25 photograph of a surface of a crystalline silicon film which was obtained by only a heat 
treatment (600°C, 24 hours) and was subjected to secoetching. 

Moreover, in the case where the first crystalline silicon film is crystallized by 
addition of a catalytic element and by a heat treatment (using the technical content of 
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Embodiment 1 of Japanese Patent Laid-open No. Hei. 7-130652 having U.S. Patent 
5,643,826 corresponding thereto, which are herein incorporated by reference), although 
not shown, crystals grow radially from a limitless number of point centers in the whole 
surface of the film, and the respective radial crystals grow like rods in which crystal 

5 lattices are continuous. 

Moreover, in the case where the first crystalline silicon film is crystallized by 
addition of a catalytic element and by a heat treatment (using the technical content of 
Embodiment 2 of Japanese Patent Laid-open No. Hei. 7-130652), although not shown, the 
structure of crystal lattices is continuous in almost a specific direction, and thin rod-like 
10 crystals or thin flattened rod-like crystals are grown. 

As compared with these foregoing first crystalline silicon films, the crystal structure 
of the surface of the second crystalline silicon film is quite different. Fig. 14B is a SEM 
observation photograph of a surface of a conventional crystalline silicon film which was 
obtained by irradiation of laser light (340 mJ/cm 2 ) and was subjected to secoetching. As 
15 shown in Fig. 14B in which one example of the patterns is shown, the film has regular 
(like tortoiseshell pattern) crystal grain boundaries. 

The second crystalline silicon film of the present invention is characterized in that 
it has fewer ridges than the prior art (Fig. 14B) and has excellent flatness. 

In the present specification, the crystal structure obtained by crystallization through 
20 heating indicates a structure one example of which is shown in the pattern of Fig. 14A. 
That is, each of the crystals in the crystal structure is constituted by irregular crystal 
grains, thin rod-like crystal grains, or thin flattened rod-like crystal grains. 

Moreover, in the present specification, the crystal structure obtained by 
crystallization through irradiationof laser light indicates a structure one example of which 
25 is shown in the pattern of Fig. 14B. That is, the crystal structure is constituted by regular 
(like tortoiseshell pattern) crystal grains. 

TtRTFF DESCRIPTION OF THE DRAWINGS 
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Figs. 1A to IE are views showing manufacturing steps of Embodiment 1. 
Figs. 2A to 2E are views showing manufacturing steps of Embodiment 2. 
Figs. 3A to 3F are views showing manufacturing steps of Embodiment 3. 
Figs. 4A to 4G are views showing manufacturing steps of Embodiment 4. 
Figs. 5A to 5D are views showing manufacturing steps of Embodiment 7. 
Figs. 6A to 6C are views showing manufacturing steps of Embodiment 7. 
Fig. 7 is a view showing a section of an active matrix substrate of Embodiment 8. 
Fig. 8 is a view showing an outer appearance of the active matrix substrate of 
Embodiment 8. 

Fig. 9 is a view showing a section of an active matrix substrate of Embodiment 9. 
Fig. 10 is a view showing a section of an active matrix substrate of Embodiment 

10. 

Figs. HA to HE are views showing manufacturing steps of Embodiment 11. 
Figs. 12A and 12B are views showing manufacturing steps of Embodiment 11. 
Fig. 13 is a view showing a section of a TFT structure of Embodiment 12. 
Figs. 14A and 14B are views of surface structures by secoetching (SEM). 
Figs. 15A to 15F are views showing examples of electronic apparatuses of 
Embodiment 13. 

pirr att FP> nRSCRTP TTON OF THE P REFERRED E MBODIMENTS 

Preferred embodiments of the present invention will be described below with 
reference to the drawings. However, it is needless to say that the present invention is not 
limited to these embodiments. 



[Embodiment 1] 

In this embodiment, steps of manufacturing a second crystalline silicon film on 
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first crystalline silicon film obtained by a heat treatment will be described with reference 
to Figs. lAto IE. 

First, a substrate 100 (in this embodiment, a quartz substrate) having high heat 
resistance is prepared, and an insulating silicon film (not shown) with a thickness of 300 
5 nm is formed as an under film on the substrate. The insulating silicon film is a silicon 
oxide film (SiOx), a silicon nitride film (SixNy), a silicon nitride oxide film (SiOxNy), or 
a laminated film thereof. However, if the surface of the substrate has sufficient flatness 
and insulation properties, such a structure may be adopted that the under film is not 
formed. 

10 If the distortion point is 750° C or more, a glass substrate (typically, a material called 

crystallized glass, glass ceramics, or the like) can also be used. In that case, if an under 
film is provided by a low pressure CVD method to cover the entire surface of the substrate 
with an insulating silicon film, such an effect is obtained that the outflow of constituent 
materials from the glass substrate can be suppressed. Moreover, it is possible to adopt 

15 such means that the entire surface of the substrate is covered with an amorphous silicon 
film and the film is completely transformed into a thermal oxidation film. 

Next, a first amorphous silicon film 101 is formed on the under film or the substrate 
in accordance with the following condition. The first amorphous silicon film 101 with a 
thickness of 10 nm to 100 nm (typically 30 to 60 nm) by a plasma CVD method or an 

20 LPCVD method, in this embodiment, the first amorphous silicon film 101 with a thickness 
of 30 nm is formed by the LPCVD method in accordance with the following condition 

(Fig. 1A): 

film formation temperature: 465 °C, 
film formation pressure: 0.5 torr, 
25 film formation gas: He (helium) 300 seem, and 

Si 2 H 6 (disilane) 250 seem. 

Incidentally, it is important to thoroughly carry out management of impurity 
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concentration in a film at the film formation. In the case of this embodiment, management 
is carried out so that the concentration of each of C (carbon) and N (nitrogen) which are 
impurities to hinder crystallization in the first amorphous silicon film 101 is less than 5 
x 10 18 atoms/cm 3 (typically 5 x 10 17 atoms/cm 3 or less, preferably 2 x 10 17 atoms/cm 3 or 
less), and the concentration of O (oxygen) is less than 1.5 x 10 19 atoms/cm 3 (typically 1 
x 10 18 atoms/cm 3 or less, preferably 5 x 10 17 atoms/cm 3 or less). This is because if the 
concentration of the respective impurities is not less than the above, they have a bad 
influence on subsequent crystallization, and cause the film quality after crystallization to 
be degraded. 

In order to obtain the foregoing structure, it is desirable that a low pressure CVD 
furnace used in this embodiment is periodically subjected to dry cleaning to clean a film 
formation chamber. It is appropriate that the dry cleaning is carried out in such a manner 
that a C1F 3 (chlorine fluoride) gas of 100 to 300 seem is flown into a furnace heated up 
to about 200 to 400°C and cleaning of the film formation chamber is carried out by 

15 fluorine produced by pyrolysis. 

According to the knowledge of the present inventors, in the case where the 
temperature in a furnace is 300°C and the flow rate of a C1F 3 (chlorine fluoride) gas is 300 
seem, it is possible to completely remove a stuck substance (containing silicon as its main 
ingredient) with a thickness of about 2 fxm in four hours. 
20 The concentration of hydrogen in the first amorphous silicon film 101 is also a very 

important parameter, and it appears that a film having superior crystallinity can be 
obtained as a hydrogen content is made low. Thus, it is preferable that the amorphous 
silicon film 101 is formed by the low pressure CVD method. Incidentally, it is also 
possible to use the plasma CVD method if the film formation condition is optimized. 
25 Thereafter, it is preferable to carry out dehydrogenating at about 450°C for one hour. 

Next, crystallization of the first amorphous silicon film 101 is carried out by a heat 
treatment. This heat treatment is carried out in an inert gas atmosphere, a hydrogen 
atmosphere, or an oxygen atmosphere at a temperature of 500 to 1000°C for 12 to 72 
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hours. Although the effect becomes great as the heating temperature becomes high, in 
view of heat resistance of the substrate, it is necessary that the temperature is made not 
higher than the distortion point of the substrate to be used. In the case where a substrate 
having heat resistance, such as a quartz substrate or a semiconductor substrate, is used, it 

5 is possible to carry out a heat treatment at about 800 to 1000 ° C. Thus, in this embodiment, 
a first crystalline silicon film 102 is obtained by a heat treatment in a nitrogen atmosphere 
at 600°C for 24 hours, and further, by a subsequent heat treatment at 800°C to 1000°C 
for 1 to 5 hours (Fig. IB). Moreover, if it is necessary to improve the crystallinity after this 
step, laser annealing may be carried out. 

L0 It is preferable to take such a structure that after the crystallization by the heat 

treatment is ended, etching is carried out by using an etchant containing hydrofluoric acid 
andastepofremovmgimpuritiesonthesurface(Fig.lC)isadded.Itisnecessarytowash 

the exposed surf ace of the first crystalline silicon film by a hydrofluoric 
(it is necessary to contain fluorine and hydrogen), for example, hydrofluoric acid, buffer 
15 hydrofluoric acid, or FPM (mixture solution of hydrofluoric acid, hydrogen peroxide, and 
water). This washing is carried out to remove (etch) an oxide film or other films 
containing carbon, nitrogen, etc. which are formed on the surface of the first crystalline 
silicon film. These films may hinder crystallization of a second amorphous silicon film 
in a subsequent step. In the case where the surface of the silicon film is washed by buffer 
20 hydrofluoric acid or FPM, hydrogen is absorbed on the surface, so that dangling bonds of 
silicon atoms on the surface can be neutralized. Then it is possible to prevent oxidation 
or formation of other compound films. 

Next, a second amorphous silicon film 103 is formed on the first crystalline silicon 
film or the first crystalline silicon film in which the oxide on the surface is removed (Fig. 
25 ID). It is preferable that the second amorphous silicon film is obtained under the same 
manufacturing condition as the first amorphous silicon film. The second amorphous 
silicon film with a thickness of 10 nm to 100 nm (typically 30. to 60 nm), in the 
embodiment, 30 nm is formed by the LPCVD method. The amorphous silicon film 
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obtained by the LPCVD is preferable since its hydrogen content is lower than that 
obtained by the plasma CVD method, and excellent film qualities can be obtained. 
Incidentally, if the film forming condition is optimized, the plasma CVD method can also 
be used. 

5 Next, the obtained second amorphous silicon film is crystallized by using laser light 

(Fig. IE). It is preferable to use a pulse oscillation laser having a wavelength shorter than 
an ultraviolet region, such as a KrF excimer laser or XeCl excimer laser. In this 
embodiment, a XeCl excimer laser (wavelength 308 nm) is used. The energy density of 
a linear laser beam on an irradiated surface is 100 to 500 mJ/cm 2 , preferably 100 to 300 
10 mJ/cm 2 , in this embodiment, 300 mJ/cm 2 , and crystallization is made by irradiation. When 
the oscillation frequency of the laser is 30 Hz and attention is paid to one point of the 
irradiated material, ten shots of laser beams are applied. The number of shots is suitably 
selected in the range of 5 shots to 50 shots. At the irradiation of the laser, it is also 
possible to add a step of obtaining further excellent crystallinity by heating the irradiated 
15 region at a temperature ranging from 450°C to the distortion point of the substrate. 

By the laser irradiation process, the portion 102 becomes crystal nuclei and crystal 
growth is progressed. By the laser irradiation process, the second amorphous silicon film 
indicated by 103 is crystallized. The crystal growth of this film is carried out while the 
surface of the region regarded as single crystal or the first crystalline silicon film 102 
20 regarded as substantially single crystal becomes nuclei, so that a region regarded as a 
single crystal or a second crystalline silicon film 104 regarded as substantially single 
crystal is formed. 

At the same time as the crystallization of the second amorphous silicon film 103, the 
laser annealing process is applied to the first crystalline silicon film 102, so that the 
25 crystallinity of the first crystalline silicon film is improved. 

The crystal structure of the second crystalline silicon film 104 varies depending on 
the crystal structure of the surface of the first crystalline silicon film as the nuclei, the film 
forming condition and method of crystallization of the amorphous silicon film 103 as a 
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starting film. Particularly, although the crystal grain in the first crystalline silicon film of 
this embodiment has a shape shown in Fig. 14A, the second crystalline silicon film has a 
crystal structure similar to the crystal structure shown in Fig. 14B. The crystal grains of 
the second crystalline silicon film are comparatively more uniform. 
5 The second crystalline silicon film 104 obtained through the above steps has an 

excellent surface with few ridges. 

[Embodiment 2] 

In this embodiment, steps will be described with reference to Figs. 2A to 2E, in 
which a catalytic element for facilitating crystallization is added, and a second crystalline 
10 silicon film is obtained on a first crystalline silicon film obtained by a heat treatment at 
a low temperature as compared with Embodiment 1. 

As means for crystallization of the first crystalline silicon film, the technique 
disclosed in Japanese Patent Laid-open No. Hei. 7-130652 having U.S. Patent 5,643,826 
corresponding thereto, which are herein incorporated by reference, by the present 
15 inventors is used. Although both means of Embodiment 1 and Embodiment 2 of the 
publication may be used, an example in which the technical content set forth in 
Embodiment 1 of the publication is used will be described in this embodiment. 

First, a silicon oxide film (not shown) with a thickness of 100 to 500 nm, for 
example, 400 nm was formed as an under oxide film on a substrate 200 (Corning 1737) 
20 by a sputtering method. This silicon oxide film is provided to prevent impurities from 
diffusing from the glass substrate. Then, a first amorphous silicon film with a thickness 
of 30 to 100 nm was formed by a plasma CVD method or an LPCVD method. Here, a first 
amorphous silicon film 201 with a thickness of 30 nm was formed by the LPCVD method 
by which a film with a low hydrogen content was obtained (Fig. 2A). 
25 Then, a layer (nickel containing layer 205) containing nickel or a nickel compound 

and having a thickness of several to several tens A is formed on the first amorphous 
silicon film 201. The nickel containing layer 205 may be formed by a method in which 
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after a solution containing nickel is applied, drying is carried out (for example, spin 
coating method, dipping method), by a method in which a film of nickel or nickel 
compound is formed by a sputtering method, or by a method in which gaseous organic 
nickel is decomposed and deposited by heat, light, or plasma (vapor phase growth 
5 method). Here, the film was formed by the spin coating method (Fig. 2B). 

In this embodiment, although nickel is used as a catalytic element for facilitating 
crystallization, the element is not particularly limited. A kind of or plural kinds of 
elements selected from Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, and Au can be used as 
the catalytic element for facilitating crystallization. 
10 Next, an oxide film with a thickness of 1 to 5 nm is formed on the first amorphous 

silicon film 201 by irradiation of UV light in an oxygen atmosphere, a thermal oxidation 
method, a treatment by hydrogen peroxide, or the like. Here, an oxide film with a 
thickness of 2 nm was formed by irradiation of UV light in an oxygen atmosphere. This 
oxide film is provided so that in a subsequent step of applying an acetate solution 
15 containing nickel, the acetate solution is applied all over the surface of the first amorphous 
silicon film, that is, wettability is improved. 

Next, a nickel acetate solution in which nickel was added to an acetate solution was 
prepared. The concentration of nickel was 25 ppm. The acetate solution of 2 ml was 
dropped on the surface of a rotating substrate, and this state was maintained for 5 minutes 
20 so that this nickel acetate solution was uniformly applied over the substrate. Thereafter, 
the revolutions of the substrate were raised and spin drying (2000 rpm, 60 seconds) was 
carried out. 

If the concentration of nickel in the acetate solution is 1 ppm or more, it is practical. 
Coating steps of the nickel solution was carried out once or plural times, so that a nickel 
25 acetate layer 205 with an average film thickness of 20 A was formed on the surface of the 
first amorphous silicon film after the spin drying. Incidentally, this layer is not necessarily 
a complete film. Even if other nickel compounds are used, a similar layer can be 
formed. 
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Thereafter, a heat treatment in a nitrogen atmosphere at 550 °C for 4 hours was 
carried out in a heating furnace and crystallization was made. As a result, a first crystalline 
silicon film 202 was obtained on the substrate (Fig. 2C). 

As a subsequent step, it is preferable to add a step of removing an oxide film on the 
first crystalline silicon film 202 by using buffer hydrofluoric acid so that the surface of the 
first crystalline silicon film 202 is made excellent crystal nuclei. 

Then a second amorphous silicon film 203 with a thickness of 30 to 100 nm, for 
example, 30 nm was formed by a plasma CVD method on the first crystalline silicon film 
or the first crystalline silicon film in which the oxide film on the surface was removed 
(Fig. 2D). Although it is preferable to obtain the second amorphous silicon film 203 under 
the same manufacturing condition as the first amorphous silicon film, the condition is not 
necessarily limited, but different manufacturing steps may be adopted. 

Thereafter, a crystallizing process by laser irradiation was carried out. It is preferable 
to use as the laser light a pulse oscillation laser having a wavelength not longer than an 
ultraviolet region , For example, it is preferable to use a KrF excimer laser or a XeCl 
excimer laser. The irradiation density of the laser light is 130 to 300 mJ/cm 2 , preferably 
180 to 230 mJ/cm 2 . In this embodiment, the excimer laser of KrF (wavelength 248 nm, 
pulse width 20 nsec) is used and irradiation at 230 mJ/cm 2 is carried out to make 
crystallization. 

At the irradiation of the laser light, a step of heating a sample (substrate) or an 
irradiated surface at a temperature ranging from 400° C to the distortion point of the glass 
substrate, or at a temperature ranging from 400°C to the crystallization temperature of the 
amorphous silicon film may be added. It is desirable that this temperature is made as high 
as possible. This heating is very effective in suppressing rapid phase change due to the 
irradiation of the laser light and preventing crystal grain boundaries or defects from being 
formed. 

Through the above steps, an excellent second crystalline silicon film 204 having a 
film surface with few ridges was obtained on the first crystalline silicon film (Fig. 2E). 
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Here, although nickel added at the crystallization exists as impurities in the first 
crystalline silicon film 202, impurities (nickel etc.) are hardly contained in the second 
crystalline silicon film 204, and a semiconductor layer with excellent device 
characteristics can be obtained. The crystal growth of the second crystalline silicon film 

5 is carried out using the surface of the second crystalline silicon film of the under layer as 
the nuclei of crystal growth. Here, the first crystalline silicon film is longitudinally grown. 
Although the second crystalline silicon film is influenced from the surface of the first 
crystalline silicon film, since the crystallizing method is different, the crystal structure is 
different. Especially, in the first crystalline silicon film 202, crystals radially grow from 

10 a limitless number of point centers on the entire surface, and the respective radial crystals 
grow like rods where the crystal lattices are continuous. On the other hand, the second 
crystalline silicon film has a crystal structure similar to the crystal structure as shown in 
Fig. 14B (crystal grain boundaries of tortoiseshell patterns). 

[Embodiment 3] 

15 In this embodiment, as compared with Embodiment 2, a different method (technical 

content set forth in Embodiment 2 of Japanese Patent Laid-open No. Hei. 7-130652 
having U.S. Patent 5,643,826 corresponding thereto, which are herein incorporated by 
reference, by the present inventors (details are disclosed in Japanese Patent Laid-Open No. 
Hei. 8-78329 , which is herein incorporated by reference)) of adding a catalytic element 

20 for facilitating crystallization is used, and steps of obtaining a second crystalline silicon 
film on a first crystalline silicon film obtained by a heat treatment will be described with 

reference to Figs. 3A to 3F. 

First, a silicon oxide film with a thickness of 500 nm was formed as an under oxide 
film (not shown) on a substrate 300 through deposition and decomposition of TEOS by 
25 a plasma CVD method. Then a first amorphous silicon film 301 with a thickness of 30 nm 
was formed by an LPCVD method (Fig. 3A). 

Next, a crystallizing step of the first amorphous silicon film 301 is carried out by 
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using a technique set forth in Japanese Patent Laid-open No. Hei. 8-78329. According to 
the technique set forth in the publication, a mask insulating film 306 for selecting an 
added region of a catalytic element is first formed. Then a solution containing nickel (Ni) 
as a catalytic element for facilitating crystallization of the first amorphous silicon film 301 
5 is applied by a spin coating method, and a Ni containing layer 305 is formed (Fig. 3B). 

Incidentally, as the catalytic element, cobalt (Co), iron (Fe), palladium (Pd), platinum 
(Pt), copper (Cu), gold (Au), germanium (Ge), lead (Pb), indium (In), and the like may be 

used other than nickel. 

Moreover, the adding step of the catalytic element is not limited to the spin coating 
10 method, but an ion implantation method using a resist mask or a plasma doping method 
may be used. In this case, since it is easy to lower an occupied area of an added region and 
to control a growth distance of a lateral growth region, the latter method becomes an 
effective technique when a minute circuit is constituted. 

Next, after the adding step of the catalytic element is ended, dehydrogenating at 
15 about 450°C for 1 hour is carried out, and then, a heat treatment in an inert gas 
atmosphere, a hydrogen atmosphere, or an oxygen atmosphere at a temperature of 500 to 
700°C (typically 550 to 650°C) for 4 to 24 hours is carried out so that the first amorphous 
silicon film 301 is crystallized. In this embodiment, a heat treatment in a nitrogen 
atmosphere at 570°C for 14 hours is carried out (Fig. 3C). 
20 At this time, crystallization of the first amorphous silicon film 301 is progressed first 

from nuclei produced in the region 307 where nickel was added, and a crystal region 302 
grown in almost parallel to the substrate surface of the substrate 300 is formed. The 
present inventors refer to the crystal region 302 as a lateral growth region. Since 
respective crystals in the lateral growth region 302 are collected in a comparatively 
25 uniform state, the region has a merit that total crystallinity is superior. However, in this 
embodiment, the entire surface of the amorphous silicon film is not crystallized as in 
Embodiment 2, but there are also portions that are not crystallized. That is, only necessary 
portions are selectively crystallized, and the amount of added nickel is suppressed to a 
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minimum necessary amount. 

It is preferable to add a step of removing the nickel containing layer remaining on 
the first crystalline silicon film by a chlorine-based etchant after the heat treatment for the 
crystallization is ended. The mask insulating film 306 was removed by buffer hydrofluoric 
5 acid (Fig. 3D). 

Then a second amorphous silicon film 303 with a thickness of 20 to 100 nm, 
typically 20 to 60 nm, in this embodiment, 25 nm was formed by a plasma CVD method 
on the first crystalline silicon film or the first crystalline silicon film in which the oxide 
film on the surface was removed (Fig. 3E). Although it is preferable that this second 
10 amorphous silicon film is obtained under the same manufacturing condition as the first 
amorphous silicon film, the condition is not particularly limited, but a different 
manufacturing step may be adopted. 

Thereafter, a laser crystallizing process was carried out. As to laser light, it is 
preferable to use a pulse oscillation laser having a wavelength not longer than an 
15 ultraviolet region. For example, it is preferable to use a KrF excimer laser or a XeCl 
excimer laser. In this embodiment, the XeCl excimer laser (wavelength 308 nm) is used. 
The energy density of a linear laser beam on an irradiated surface is 100 to 500 mJ/cm 2 , 
preferably 130 to 300 mJ/cm 2 , in this embodiment, 180 mJ/cm 2 , and irradiation is made 

to carry out crystallization. 
20 At the irradiation of the laser light, a step of heating a sample (substrate) or an 

irradiated surface at a temperature ranging from 400°C to the distortion point of the glass 
substrate, or at a temperature ranging from 400° C to the crystallization temperature of the 
amorphous silicon film may be added. It is desirable that the temperature of this step is 

made as high as possible. 
25 Through the above steps, an excellent second crystalline silicon film 304 having a 

film surface with few ridges was obtained on the lateral growth region 302 (Fig. 3F). 

Here, as compared with Embodiment 2, nickel existing as an impurity in the first 
crystalline silicon film (lateral growth region 302) is less, and impurities (nickel etc.) are 
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hardly contained in the second crystalline silicon film 304, so that a semiconductor layer 
with excellent device characteristics can be obtained. The crystal growth of the second 
crystalline silicon film 304 is carried out using the portion (lateral growth region 302), 
which is crystallized on the surface of the silicon film of the under layer, as the nuclei of 

5 the crystal growth. Although the second crystalline silicon film 304 is influenced from the 
surface of the lateral growth region 302, since the crystallizing method is different, the 
crystal structure is different. Especially, in the crystals of the lateral growth region 302, 
the structure of crystal lattices is such that the crystal lattices are continuous in almost a 
specific direction to grow into thin rod-like crystals or thin flattened rod-like crystals are 

10 grown. On the other hand, the second crystalline silicon film has a crystal structure similar 
to the crystal structure shown in Fig. 14B. 

[Embodiment 4] 

In this embodiment, an example in which nickel elements are gettered by using 
phosphorus elements after the first crystalline silicon film is obtained in the foregoing 

15 Embodiment 3, will be described with reference to Figs. 4A to 4G. Fig. 4D is equivalent 
to Fig. 3D of Embodiment 3. Since steps up to the step of obtaining the first crystalline 
silicon film are the same as Embodiment 3, their explanation will be omitted. Although 
the description is made with reference to Figs. 4A to 4G, as the need arises, the foregoing 
reference numerals will be used for the description. 

20 After a lateral growth region 302 is obtained, catalytic elements used for 

crystallization are reduced by gettering means using phosphorus (heat treatment at 500 to 
700°C)(JapanesePatentLaid-OpenNo.l0-247735havingU.S.PatentApplicationSerial 

No. 09/034,041 corresponding thereto, which are herein incorporated by reference). 
In the case where the phosphorus elements is used, phosphorus is added in a region 
25 other than the region to be an active layer. Reference numeral 401 denotes a region where 
phosphorus was added. As a method of adding phosphorus, as shown in Fig. 4B, a resist 
405 covering the region to be an active layer is first formed. Next, phosphorus ions are 
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injected by an ion doping method or by applying a solution by spin coating (Fig. 4C). 

Thereafter, a heat treatment at a temperature of 400 to 1050°C (preferably 600 to 
750°C) for 1 min to 20 hr (typically 30 min to 3 hr) is carried out (Fig. 4D). Since the 
catalytic elements are gettered by this heat treatment into the region where phosphorus 
5 was added, the concentration of the catalytic elements in the active layer is lowered to 5 
x 10 17 atoms/cm 3 or less. The concentration of these elements is defined as the minimum 
value of measured values by a SIMS (Secondary Ion Mass Spectroscopy). 

After the gettering step is ended in this way, an island region 406 of the first 
crystalline silicon film to be a crystal nuclei, is formed by using a region 402 other than 
10 the region where phosphorus is added (Fig. 4E). 

Thereafter, in accordance with steps of Embodiment 3, a second amorphous silicon 
film 403 is formed (Fig. 4F), and crystallization of this second amorphous silicon film is 
carried out by laser irradiation, so that a second crystalline silicon film 404 having a 
surface with few ridges and having excellent crystallinity is obtained (Fig. 4G). With 
15 respect to the second crystalline silicon film obtained here, as compared with 
Embodiments 2 and 3, the crystalline silicon film of the first layer has little nickel existing 
as an impurity, and the crystalline silicon film of the second layer does not contain 
impurities, so that a semiconductor layer with excellent device characteristics can be 
obtained. The crystal growth of the second crystalline silicon film is carried out while the 
20 portion crystallized on the surface of the island region 406 of the first crystalline silicon 
film serving as the under layer is used as nuclei of the crystal growth. 

As other means for gettering nickel elements, a heat treatment (at 700°C to 1000° C) 
in an atmosphere containing halogen elements (Japanese Patent Laid-open No. Hei. 10- 
135468 having U.S. Patent Application Serial No. 08/951,193 corresponding thereto, 
25 which are herein incorporated by reference) may be carried out to reduce the catalytic 
elements. 

[Embodiment 5] 
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Embodiment 5 is an example in which a first crystalline silicon film or a lateral 
growth region obtained in the above embodiments 1 to 3 is patterned, so that an island 
region of the first crystalline silicon film to be crystal nuclei is formed. Although it is not 
preferable to add a patterning step between a first crystallizing process step and a film 

5 growth step of a second amorphous silicon film since impurities in the surface of the first 
crystalline silicon film are increased by the addition, so that it is preferable to remove 
impurities by adding an etching step. In this embodiment, in the case where the island 
region of the first crystalline silicon film to be the crystal nuclei is formed, the second 
amorphous silicon film can be selectively crystallized. Thus, since the region regarded as 

10 single crystal or region regarded as substantially single crystal can be selectively utilized 
as crystal nuclei, a second crystalline silicon film having excellent crystallinity can be 
obtained at a required portion. Thus, the entire surface of the second crystalline silicon 
film obtained in this embodiment does not have uniform crystallinity. 

[Embodiment 6] 

15 Embodiment 6 is an example in which a second crystalline silicon film is obtained 

by using an infrared lamp instead of laser light in the above Embodiments 1 to 5. In the 
case where infrared rays are used, a silicon film can be selectively heated without heating 
a substrate very much. Thus, an effective heat treatment can be carried out without giving 
thermal damages to the substrate. 

20 [Embodiment 7] 

In this embodiment, although a thin film transistor is completed by using a first 
crystalline silicon film (or a lateral growth region) and a second crystalline silicon film 
obtained in the foregoing respective embodiments, steps shown in this embodiment are 
nothing more than one example, and it is needless to say that the present invention is not 

25 limited to the steps of this embodiment. Incidentally, the description will be made with 
reference to Figs. 5A to 5D and Figs. 6A to 6C, and as the need arises, the foregoing 
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reference numerals will be used for the description. 

First, a first crystalline silicon film (or a lateral growth region) and a second 
crystalline silicon film obtained in the above respective embodiments are patterned as 
shown in Fig. 5A, so that a first island-like semiconductor layer 106 and a second island- 
5 like semiconductor layer 105 is formed. 

Next, as shown in Fig. 5B, a silicon oxide film functioning as a gate insulating film 
107 is formed. This silicon oxide film is formed by using a plasma CVD method or a 
sputtering method. In this embodiment, its film thickness is 150 nm. 

Thereafter, a step of obtaining a silicon oxide film by carrying out a thermal 

10 oxidation step may be added. 

Further, a film of a material consisting from aluminum or containing aluminum as 
its main ingredient (in this embodiment, an aluminum film containing scandium of 2 wt%) 
is formed and is patterned to form an original 108 of a gate electrode/wiring (Fig. 5C). 
The gate wiring may be made of silicon, metal such as tungsten or titanium, or silicide of 
15 those. It is appropriate that a material of the gate electrode is determined according to 
required characteristics of a semiconductor circuit, heat resistance temperature of a 
substrate, or the like. In this embodiment, the film thickness is 400 nm. 

Next, a porous anodic oxidation film 109 and a nonporous anodic oxidation films 
110 are formed by a technique disclosed in Japanese Patent Laid-open No. Hei. 7-135318 
20 having U.S. Patent 5,648,277 corresponding thereto, which are herein incorporated by 
reference (Fig. 5D). Then the gate insulating layer 107 is etched by using these anodic 
oxidation films and the gate electrode 111 as masks, so that a gate insulating film 112 is 
formed. Thereafter, the porous anodic oxide film 109 is removed (Fig. 6A). 

Thereafter, N-type or P-type impurities are introduced into the silicon island by an 
25 ion doping method or the like in a self-aligning manner, so that two-layer channel 
formation regions 116a and 116b, two-layer low concentration impurity regions 115a and 
115b, two-layer source regions 113a and 113b, and two-layer drain regions 114a and 114b 
are formed (Fig. 6B). 
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Then an interlayer insulating film 117 is deposited by a well-known means. In this 
embodiment, its film thickness is 900 nm. Contact holes are formed in this film and 
aluminum alloy wiring is formed so that a source electrode 118 and a drain electrode 119 
are obtained. Finally, a heat treatment at about 350°C for one hour is carried out in a 

5 hydrogen atmosphere, so that hydrogenating of the whole component is carried out . In this 
way, a thin film transistor (TFT) is completed (Fig. 6C). 

Further, such a structure may be adopted that a silicon nitride film or the like with 
a thickness of 10 to 50 nm is deposited as a protective film (passivation film) on the 
foregoing transistor by a plasma CVD method, contact holes communicating with wiring 

10 of an output terminal are bored in this film, and the wiring is formed. 

[Embodiment 8] 

In the embodiment, description will be made on an example of steps for 
manufacturing a reflection type liquid crystal panel using a semiconductor device obtained 
by practicing Embodiment 7. 
15 A crystalline silicon film having a two-layer structure is manufactured in accordance 

with manufacturing steps described in Embodiments 1 to 6. Fig. 7 is a sectional view of 
an active matrix type liquid crystal panel, and shows a CMOS circuit in a region 
constituting a driver circuit or a logic circuit, and a pixel TFT in a region constituting a 
pixel matrix circuit. 

20 The CMOS circuit is manufactured by complementarily combining an N-channel 

TFT and a P-channel TFT. Since the structure and manufacturing method of the respective 
TFTs constituting the CMOS circuit has been explained in Embodiment 7, their 

explanation will be omitted. 

With respect to the pixel TFT, it is necessary to add further contrivance to the TFT 
25 constituting a driver circuit or the like. In Fig. 7, reference numeral 701 denotes a silicon 
nitride film, which is used also as a passivation film of the CMOS circuit and at the same 
time, functions as an insulator constituting an auxiliary capacitance. 
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A titanium film 702 is formed on the silicon nitride film 701, and the auxiliary 
capacitance is formed between the titanium film 702 and the drain electrode 703. At this 
time, since the insulator is the silicon nitride film having a high relative dielectric 
constant, the capacitance can be made large. Since it is not necessary to take an aperture 
5 ratio into consideration in the reflection type, there is no problem even when a structure 

as shown in Fig. 7 is adopted. 

Reference numeral 704denotes an interlayer insulating film made of an organic resin 
film, and polyimide is used in this embodiment. It is preferable that the thickness of the 
interlayer insulating film is made as thick as about 2 m to secure sufficient flatness. By 
10 doing so, a pixel electrode 705 having superior flatness can be formed. 

The pixel electrode 705 is formed of a material consisting from aluminum or 
containing aluminum as its main ingredient. It is appropriate that a material having the 
highest possible reflectivity is used. When the excellent flatness is secured, loss due to 
diffused reflection on the surface of the pixel electrode can be decreased. 
15 An orientation film 706 is formed on the pixel electrode 705. The orientation film 

706 is made to have orienting force by rubbing. The above is the description on the 
structure of a TFT side substrate (active matrix substrate). 

On the other hand, an opposite substrate is constituted by forming a transparent 
conductive film 708 and an orientation film 709 on a transmissive substrate 707. As the 
20 need arises, a black mask or a color filter may be provided other than those. 

After spacers are distributed and seal material printing is carried out, a liquid crystal 
layer 710 is sealed so that a reflection type liquid crystal panel having a structure shown 
in Fig. 7 is completed. The liquid crystal layer 710 can be freely selected according to the 
operation mode (ECB mode, guest host mode, etc.) of a liquid crystal. 
25 Fig. 8 schematically shows an outer appearance of the active matrix substrate 

constituting the reflection type liquid crystal panel as shown in Fig. 7. In Fig. 8, reference 
numeral 801 denotes a silicon substrate on which a thermal oxidation film is provided in 
accordance with the steps of Embodiment 1, 802 denotes a pixel matrix circuit, 803 
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denotes a source driver circuit, 804 denotes a gate driver circuit, and 805 denotes a logic 
circuit. 

Although the logic circuit 805 includes all logical circuits constituted by TFTs in a 
wide sense, in order to differentiate the logic circuit from circuits conventionally called 
a pixel matrix circuit and a driver circuit, the term here indicates signal processing circuits 
(memory, D/A converter, clock generator, etc.) other than those. 

An FPC (Flexible Print Circuit) terminal as an external terminal is attached to the 
thus formed liquid crystal panel. What is called as a liquid crystal module in general is a 
liquid crystal panel in the state where an FPC is attached. 

[Embodiment 9] 

In this embodiment, an example of steps of manufacturing a transmission type liquid 
crystal panel, which uses a crystalline silicon film having a two-layer structure and 
obtained in Embodiments 1 to 6 and uses a TFT manufactured in Embodiment 7, will be 
described. 

However, since the basic structure is the same as the reflection type liquid crystal 
panel described in Embodiment 7, different points in structure will be particularly 
described. 

In the case of the transmission type liquid crystal panel shown in Fig. 9, the structure 
of a black mask 901 is greatly different from the reflection type liquid crystal panel. That 
is, since a sufficient aperture ratio is required in the transmission type, it is important to 
make such a structure that the black mask does not overlap to the utmost at portions other 
than a TFT portion and a wiring portion. 

Thus, in this embodiment, a drain electrode 902 is formed so as to overlap with an 
upper portion of the TFT portion, and an auxiliary capacitance is formed between the 
drain electrode and the black mask 901. Like this, when the auxiliary capacitance, which 
is apt to occupy a wide area, is formed over the TFT, it is possible to widen the aperture 
ratio. 
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Reference numeral 903 denotes a transparent conductive film to be a pixel electrode. 
As the transparent conductive film 903, although ITO is most frequently used, other 
material (tin oxide based materials, etc.) may be used. 



[Embodiment 10] 

5 This embodiment is an example in which the present invention is applied to a so- 

called silicon gate TFT in which a silicon film having conductivity is used as a gate 
electrode. A panel of this embodiment is manufactured by using a two-layer crystalline 
silicon film described in Embodiment 1. Since the basic structure is almost the same as 
the TFT manufactured in Embodiment 7, explanation will be made while paying attention 

10 to only differences. 

In Fig. 10, reference numeral 11 denotes a gate electrode of an N-channel TFT, 12 
denotes a gate electrode of a P-channel TFT, and 13 denotes a gate electrode of a pixel 
TFT. The gate electrodes 11 to 13 are made of N-type polysilicon films added with 
phosphorus or arsenic, or P-type polysilicon films added with boron or indium. 
15 In the CMOS circuit, it is also possible to constitute a dual gate type CMOS circuit 

in which an N-type polysilicon gate is used for an N-channel TFT and a P-type polysilicon 
gate is used for a P-channel TFT. Reference numeral 17 denotes a part of a source region 
of the second crystalline silicon film in the two-layer structure crystalline silicon film, 
which has the surface with few ridges and is added with an impurity to give an N type. 
20 Reference numeral 18 denotes a part of a drain region of the second crystalline silicon film 
in the two-layer structure crystalline silicon film, which has the surface with few ridges 
and is added with an impurity to give a P type. Reference numeral 19 denotes a part of a 
channel region using the second crystalline silicon film having the surface with few ridges 
in the two-layer structure crystalline silicon film. 
25 As merits of using the silicon film as a gate electrode like this, it is possible to 

enumerate such features that heat resistance is high, and handling is easy because of the 
silicon film. Moreover, by using a reaction with a metal film, a salicide structure 
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(including a polycide structure) can be adopted. 

For that purpose, after the gate electrodes 11 to 13 are formed, side walls 14 to 16 
are formed, a metal film (not shown) of titanium, tungsten, or the like is formed, and a 
heat treatment is carried out to form metal silicide. In Fig. 10, this metal silicide is formed 
5 in the source region 17, the drain region 18, and part of the gate electrodes. 

A structure in which metal silicide is formed in a self-aligning manner by using a 
side wall or the like in this way is called a salicide structure. It is effective to adopt such 
a structure since an ohmic contact with a lead electrode (source/drain electrode, etc.) 
becomes excellent. 



10 [Embodiment 11] 

Although an example of a top gate type TFT structure has been described in 
Embodiments 1 to 4, in this embodiment, as other TFT structures, an example of a bottom 
gate type TFT will be described. Such a structure is effective since an ohmic contact 
between a surface of an active layer with few ridges, which is made of a second crystalline 
15 silicon film, and a lead electrode (source/drain electrode, etc.) becomes excellent. 
Moreover, since the surface of the active layer has few ridges, there are few traps and an 
electric property of high on/off ratio can be obtained. 

A process of Embodiment 11 is shown in Figs. 11A-11E, and 12A-12B. First, an 
under film (not shown) made of an insulating film containing silicon as its main ingredient 
20 is formed on a glass substrate 1100 (or quartz, or silicon substrate). A gate electrode (first 
wiring) made of a conductive film is formed thereon. Here, a first patterning step 
(formation of a gate electrode 1101) is carried out. 

It is preferable that the thickness of the gate electrode 1101 is 200 to 500 nm. In this 
embodiment, the gate electrode was formed by using a Ta film with a thickness of 300 nm. 
25 As the gate electrode 1101, it is possible to use a material (tantalum, tungsten, titanium, 
chromium, molybdenum, conductive silicon, conductive polysilicon, etc.) having such 
heat resistance that the material can resist against at least a temperature of about 
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600° C. 

Next, a gate insulating layer 1102 made of a silicon nitride film, a silicon nitride 
oxide film indicated by SiOxNy, or a silicon oxide film (it is preferable that the film 
thickness is 10 to 200 nm, and in this embodiment, a silicon nitride oxide film with a 
thickness of 125 nm, which is formed by using a plasma CVD method with mixture of 
TEOS of organic silane and oxygen, is used) is formed (Fig. 11A). 

After this step, like Embodiments 1 to 3, film formation and heating crystallization 
of a first amorphous silicon film (Fig. 11B) and film formation and laser crystallization 
of a second amorphous silicon film (Fig. HQ are carried out, so that a first crystalline 
silicon film 1103 and a second crystalline silicon film 1104 with few ridges are 
obtained. 

Then, patterning is carried out so that active layers with a desired shape (an active 
layer 1105 made of the first crystalline silicon film, an active layer 1106 made of the 
second crystalline silicon film ) are obtained (Fig. 11D). 

Next, for the purpose of manufacturing a low concentration impurity region, a silicon 
oxide film (the film thickness is preferably 100 to 300 nm, in this embodiment, 150 nm) 
is formed to cover the active layer 1106 made of the second crystalline silicon film, and 
then, patterning is carried out so that a doping mask 1107a for forming a channel 
formation region is formed (Fig. HE). 

Although the low impurity region and high impurity region may be manufactured by 
using any well-known method, in this embodiment, by using the doping mask 1107a, the 
first doping is carried out through a well known method (for example, an ion doping 
method), and by using a doping mask 1107b in which patterning is again applied to the 
doping mask 1107a, the second doping is carried out by a well-known method (for 
> example, an ion doping method). In this way, low impurity regions 1109a and 1109b, 
source regions 1108a and 1108b, drain regions 1110a and 1110b, and channel regions 
1111a and 1111b are manufactured (Fig. 12A). 

In the case where a TFT having a low resistance region and a high resistance 
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impurity region is manufactured, although the low resistance region and the high 
resistance impurity region may be manufactured by any well-known method, it is 
preferable to use such a method that doping of impurity ions is carried out while a doping 
mask is used as a mask, and then, irradiation of laser light is carried out from the rear 
5 surface of a substrate while a gate electrode is used as a mask to activate the impurity ions, 
so that the low resistance region and the high resistance impurity region are 
manufactured. 

Thereafter, a protective film (an interlayer insulating film 1 1 14) is formed, and a lead 
wiring electrode of the gate electrode and lead wiring electrodes 1112 and 1113 of the 
10 source/drain are formed, so that a (N-channel or P-channel) bottom gate type polysilicon 
thin film transistor is completed. This protective film may be constituted by a silicon 
nitride film, a silicon oxide film, an organic resin film, or a laminated film of those (Fig. 
12B). 

[Embodiment 12] 

15 Although an example of a bottom gate type TFT structure has been described in 

Embodiment 11, in this embodiment, as another TFT structure, an example of a channel 
etch type TFT will be described. The main difference from Embodiment 11 is that a 

doping mask is not provided. 

This embodiment uses the same steps as those of Embodiment 11 up to the step 
20 shown in Fig. 11D [an under film having insulation properties is formed on a glass 
substrate 1300 (or a quartz substrate), a gate electrode 1301 made of a conductive film is 
formed thereon, a gate insulating layer 1302 is formed thereon, crystalline silicon films 
(1303, 1304) of two layers formed by different crystallizing methods are stacked thereon, 

and patterning is carried out]. 
25 Although not shown in the drawing, a part of the exposed gate insulating layer 1302 

is etched to bore a contact hole for electrically connecting the gate electrode 1301 to a 
subsequently formed electrode. 
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Next, a metal film having conductivity is formed, and a source electrode 1305 and 
a drain electrode 1306 are formed by patterning. In this embodiment, a laminated film 
made of three-layer structure of Ti (50 nm)/Al (200 to 300 nm)/Ti (50 nm) is used. As 
described above, a wiring line for electrical connection to the gate electrode 1301 is also 

5 formed at the same time. 

Here, a region just above the gate electrode, that is, a region 1308 (hereinafter 
referred to as a channel etch region) placed between the source electrode and the drain 
electrode is later determined depending upon the length of a channel formation region and 
an offset region. 

10 Next, dry etching is carried out by using the source electrode 1305 and the drain 

electrode 1306 as masks, so that an island is etched in a self-aligning manner. At this time, 
in this embodiment, only a semiconductor layer with a thickness of 10 to 100 nm (typically 
10 to 75 nm, preferably 15 to 45 nm) is left. In this embodiment, a semiconductor layer 
(corresponding to reference numeral 1308) with a thickness of 30 nm was left. 

15 In this way, when etching (channel etch step) of the island is ended, a silicon oxide 

film, a silicon nitride film, or an organic resin film is formed as a protective film 1307, 
and a TFT is completed. This protective film may be constituted by a laminated film. 

In this state, in the island which was subjected to the channel etch, a region just 
above the gate electrode becomes the channel formation region. A region positioned 

20 outside of the end of the gate electrode, to which an electric field from the gate electrode 
is not applied, and becomes an offset region. 

Through the above steps, the structure (channel etch structure) as shown in Fig. 13 

is obtained. 
[Embodiment 13] 

25 Since a TFT of the present invention uses a semiconductor thin film, which is 

regarded as substantially single crystal, for an active layer, it shows electric characteristics 
comparable to a MOSFET using single crystal silicon. 
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The TFT obtained in the present invention has very excellent switching 
characteristics and high speed operation characteristics. Thus, it becomes possible to 
constitute an integrated circuit such as an LSI, by TFTs, which is conventionally 
constituted by MOSFETs. 

Moreover, it also becomes possible to constitute a three-dimensional structure 
semiconductor device (semiconductor circuit) by actively using the merits of a TFT using 
a thin film. 

When a semiconductor circuit of three-dimensional structure is constituted by using 
TFTs of the present invention, it is possible to constitute the semiconductor circuit having 
very rich functionality. Incidentally, in the present specification, the term "semiconductor 
circuit" is used to mean an electric circuit for controlling and changing electric signals by 
using semiconductor properties. 

Moreover, it is also possible to constitute an LCD driver circuit or a high frequency 
circuit (MMIC: Microwave Module IC) for a portable equipment by using TFTs of the 
present invention. That is, if the TFTs of the present invention are used, it is possible to 
manufacture a conventional IC chip or LSI chip with the TFTs. 



[Embodiment 14] 

According to the present invention, other than the liquid crystal display device, it is 
also possible to manufacture other electro-optical devices such as an active matrix type 
EL (electroluminescence) display device and an EC (electrochromic) display device. It is 
also possible to manufacture an image sensor or a CCD. 

Incidentally, the term "electro-optical device" is used to mean a device for 
converting an electric signal to an optical signal or a device for carrying out the reverse 
conversion. 



[Embodiment 15] 

In this embodiment, examples of electronic apparatuses (applied products) using 
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electro-optical devices of the present invention will be described with reference to Figs. 
15A to 15F. Incidentally, the electronic apparatus means a product incorporating a 
semiconductor circuit and/or electro-optical device. 

As electronic apparatuses to which the present invention is applied, a video camera, 
5 an electronic still camera, a projector, a head mount display, a car navigation system, a 
personal computer, a portable information terminal (mobile computer, portable teleph^^^ 
PHS (Personal Handyphone System) etc.) and the like are enumerated. 

Fig. 15A shows a portable telephone which is constituted by a main body 2001, an 
audio output portion 2002, an audio input portion 2003, a display device 2004, an 
10 operation switch 2005, and an antenna 2006. The present invention can be applied to the 
audio output portion 2002, the audio input portion 2003, the display device 2004, and the 
like. 

Fig. 15B shows a video camera which is constituted by a main body 2101, a display 
device 2102, an audio input portion 2103, an operation switch 2104, a battery 2105, and 
15 an image receiving portion 2106. The present invention can be applied to the display 
device 2102, the audio input portion 2103, the image receiving portion 2106, and the 
like. 

Fig. 15C shows a mobile computer which is constituted by a main body 2201, a 
camera portion 2202, an image receiving portion 2203, an operation switch 2204, and a 
20 display device 2205. The present invention can be applied to the camera portion 2202, the 
image receiving portion 2203, the display device 2205, and the like. 

Fig. 15D shows a head mount display which is constituted by a main body 2301, a 
display device 2302, and a band portion 2303. The present invention can be applied to the 
display device 2302. 

25 Fig. 15E shows a rear type projector which is constituted by a main body 2401, a 

light source 2402, a display device 2403, a polarizing beam splitter 2404, reflectors 2405 
and 2406, and a screen 2407. The present invention can be applied to the display device 
2403. 
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Fig. 15F shows a front type projector which is constituted by a main body 2501, a 
light source 2502, a display device 2503, an optical system 2504, and a screen 2505. The 
present invention can be applied to the display device 2503. 

As set forth above, the scope of application of the present invention is extremely 
broad and the present invention can be applied to electronic apparatuses of any field. 
Moreover, the present invention can be applied to any product if the product requires an 
electro-optical device or a semiconductor circuit. 

As described above, according to the present invention, a first crystalline silicon film 
is formed by using a well-known crystallizing means, a second amorphous silicon film is 
formed on the obtained first crystalline silicon film as an under film, and the second 
amorphous silicon film is crystallized by irradiation of laser light or the like, so that a 
silicon film having excellent crystallinity and a surface with few ridges can be 
obtained. 

As compared with the prior art, since there are few ridges and the flatness of the 
surface is superior, in a top gate type TFT structure, an interfacial level between a gate 
insulating film and an active layer can be lowered. Moreover, in a bottom gate type TFT 
structure, an interfacial level between a source/drain electrode and an active layer can be 
lowered and an ohmic contact can be made excellent. 

Moreover, as compared with an under film of Si0 2 or the like, since an under film 
is the first crystalline silicon film, a critical energy is small. Thus, since crystallization can 
be made by laser light with an energy density (typically 100 to 300 mJ/cm 2 ) lower than 
that of the prior art, a process margin is improved. 

Moreover, in the structure (the foregoing Embodiments 1 and 2) that after a first 
crystalline silicon film is obtained, a second amorphous silicon film is crystallized, as 
compared with the prior art (a second amorphous silicon film is selectively crystallized 
by using a patterned first crystalline silicon film as seed crystals, and only a second 
crystalline silicon film is used as an active layer), since laser light.can be made to be 
absorbed uniformly in the amorphous silicon film, it is possible to obtain a silicon film 
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having more uniform crystallinity over the whole surface of the film. 

Thus, also in the present invention, the structure (the foregoing Embodiments 1 and 
2) in which a second amorphous silicon film is crystallized after a first crystalline silicon 
film is obtained, is preferable to the structure (the foregoing Embodiments 3 and 5) in 
5 which a second amorphous silicon film is selectively crystallized after a first crystalline 
silicon film is patterned. 

Moreover, at the same time as crystallization of the second amorphous silicon film 
by irradiation of laser light, the film quality of the first crystalline silicon film can also be 
improved. 

10 Moreover, when these two-layer silicon films are used as an active layer of a thin 

film transistor, a thin film semiconductor device having higher reliability and superior 
performance can be obtained. 
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WHAT IS CT AIMED IS: 



1. A method of manufacturing a semiconductor device, said method comprising the 
steps of: 

forming a first amorphous semiconductor film comprising silicon over an 

5 insulating surface; 

forming a first crystalline semiconductor film by heating the first amorphous 

semiconductor film to crystallize; 

forming a second amorphous semiconductor film comprising silicon on the first 

crystalline semiconductor film; and 
10 forming a second crystalline semiconductor film by applying an energy to 

crystallize the second amorphous semiconductor film. 

2. A method of manufacturing a semiconductor device, said method comprising the 
steps of: 

15 forming a first amorphous semiconductor film comprising silicon over an 

insulating surface; 

forming a first crystalline semiconductor film by heating the first amorphous 
semiconductor film to crystallize; 

etching a surface of the first crystalline semiconductor film; 
20 forming a second amorphous semiconductor film comprising silicon on the first 

crystalline semiconductor film; and 

forming a second crystalline semiconductor film by applying an energy to 
crystallize the second amorphous semiconductor film. 

25 3. A method according to claim 2, wherein an etchant including hydrofluoric acid 

is used in the etching step. 
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4. A method of manufacturing a semiconductor device, said method comprising the 

steps of: 

forming a firs, amorphous semiconductor film comprising sihcon over an 
insulating surface; 

5 ^ucmgamaterialcapableofpromotmgcrystallizationofsihconmcon^ 

with the first amorphous semiconductor film; 

forming a firs, crystalline semiconductor film by heating the firs, amorphous 

semiconductor film to crystallize; 

forming a second amorphous semiconductor film on the first crystaUme 

10 semiconductor film; and 

forming a second crystalline semiconductor film by applying an energy 

crystallize the second amorphous semiconductor film. 

5 Ame,h„daccording.oclaim4,whereinsaid materia, is a. least one selected from 
15 the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, and Au. 



6. A 



method according to claim 4, wherein said material is nickel. 



7 A method according to c.aim !, wherein the second amorphous semiconductor 
20 fihn is crystallized using a surface of the firs, crystalline semiconductor film as crystal 

nuclei. 

8. A method according ,o claim !, wherein me energy is irradiating wi,h a laser 



light. 



9 A method according to claim !, wherein the energy is a. leas, one sdected from 
of irradiating with an intense light and heating simultaneously or 



25 

the group consisting 
sequentially in addition to irradiating with a laser light 



36 



10. A method according to claim 8, wherein the laser light has an irradiation energy 
density in the range of 100 to 300 mJ/cm 2 . 

11. A semiconductor device comprising an active layer, a gate insulating film, and 
5 a gate electrode formed over an insulating substrate, 

said active layer includes a laminated structure comprising: 

a first crystalline semiconductor film comprising silicon over said 

insulating surface; and 

a second crystalline semiconductor film comprising silicon formed on the 

10 first crystalline semiconductor film, 

wherein the first crystalline semiconductor film is crystallized by heating, 

and 

whereinthesecond crystal^ 
with a laser light. 

12. A device according to claim 11, wherein the first crystalline semiconductor film 
includes thin rod-like crystals or flattened rod-like crystals. 

13. Adeviceaccordmgtoclaimll,wheremthefirstcrystallinesemicondu^ 

20 comprises thin rod-like crystals or flattened rod-like crystals which are grown with 
intervals and substantially in parallel to each other. 

14. A method according to claim 2, wherein the second amorphous semiconductor 
film is crystallized using a surface of the first crystalline semiconductor film as crystal 
nuclei. 

25 15. A method according to claim 4, wherein the second amorphous semiconductor 

fflm is crystallized using a surface of the first crystalline semiconductor film as crystal 
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nuclei. 



16. A method according to claim 2, wherein the energy is irradiating with a laser 

light. 

17. A method according to claim 4, wherein the energy is irradiating with a laser 

5 light. 

18. A method according to claim 2, wherein the energy is at least one selected from 
the group consisting of irradiating with an intense light and heating simultaneously or 
sequentially in addition to irradiating with a laser light. 

19. A method according to claim 4, wherein the energy is at least one selected from 
10 the group consisting of irradiating with an intense light and heating simultaneously or 

sequentially in addition to irradiating with a laser light. 

20. A method according to claim 9, wherein the laser light has an irradiation energy 
density in the range of 100 to 300 mJ/cm 2 . 

21. A method according to claim 16, wherein the laser light has an irradiation energy 
15 density in the range of 100 to 300 mJ/cm 2 . 

22. A method according to claim 17, wherein the laser light has an irradiation energy 
density in the range of 100 to 300 mJ/cm 2 . 

23. A method according to claim 18, wherein the laser light has an irradiation energy 
density in the range of 100 to 300 mJ/cm 2 . 
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24. A method according to claim 19, wherein the laser light has an irradiation energy 
density in the range of 100 to 300 mJ/cm 2 . 

25 . A method according to claim 1, wherein said semiconductor device is at least one 
of the group consisting of a liquid crystal display device, an EL display device, an EC 

5 display device, an image sensor, and a CCD. 

26. A method according to claim 1, wherein said semiconductor device is at least one 
of the group consisting of a video camera, an electronic still camera, a projector, a head 
mount display, a car navigation system, a personal computer, and a portable information 
terminal. 

10 27.Amethodaccordingtoclaim2,whereinsaidsemiconductordeviceisatleastone 
of the group consisting of a liquid crystal display device, an EL display device, an EC 
display device, an image sensor, and a CCD. 

28. Amethodaccordingtoclaim2, wherein said semiconductor device isatleast one 
of the group consisting of a video camera, an electronic still camera, a projector, a head 

15 mount display, a car navigation system, a personal computer, and a portable information 
terminal. 

29. Amethodaccording to claim4, wherein said semiconductor device is at least one 
of the group consisting of a liquid crystal display device, an EL display device, an EC 
display device, an image sensor, and a CCD. 

20 3 O.Amethodaccordingtoclaim4,whereinsaidsemiconductordeviceisatleastone 
of the group consisting of a video camera, an electronic still camera,, a projector, a head 
mount display, a car navigation system, a personal computer, and a portable information 
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terminal. 



31. A device according to claim 11, wherein said semiconductor device is at least 
one of the group consisting of a liquid crystal display device, an EL display device, an EC 
display device, an image sensor, and a CCD. 

32. A device according to claim 11, wherein said semiconductor device is at least 
one of the group consisting of a video camera, an electronic still camera, a projector, a 
head mount display, a car navigation system, a personal computer, and a portable 
information terminal. 
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/l bctp ACT OF TPF ntSCT .OSURE 

A semiconductor device, which uses a crystalline silicon film having high 
crystallinity and a flat surface with few ridges and has high characteristics, and a method 
of manufacmrmgtheserniconductordeviceareprovid«i.Accordmgto the manufacturing 

5 method, a first amorphous silicon film is crystallized by using a heat treatment. A second 
amorphous silicon film is formed on a first crystalline silicon film thus obtained as an 
under film, and the second amorphous silicon film is crystallized by irradiation of laser 
light, so that a silicon film having excellent crystallinity and a surface with few ridges is 
obtained. The first crystalline silicon film and the second crystalline silicon film having 

10 different crystal structures are used as an active layer of a thin film transistor. 
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